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  Modeling growth of 
nano-porous SEI  
 1D model perpendicular 
to electrode 
 Transport of electrons 
and solvent [2-4] 
 Electrons in solid SEI 
 Binary electrolyte in 
pores, e.g., EC/DMC 
 Two electrolyte 
reduction reactions and 
two SEI components 
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 SEI thickness: electron  
transport 
 SEI porosity: solvent and 
electron  transport 
 Dual-layer morphology for 
two reduction mechanisms 
 3D simulation of 
inhomogeneous SEI during 
battery cycling 
 SEI deformation from 
transformation reaction 
 
Conclusions and Outlook 
   Bruggeman relation  Flux densities 
• 𝑫 = 𝜀𝛽𝐷Bulk 
• 𝝈 = (1 − 𝜀)1.5𝜎Bulk 
• 𝒋𝐃,𝒊 = −𝐷 ⋅ grad 𝑐𝑖  
• 𝒋𝐂,𝒊 = 𝑐𝑖𝑣 
• 𝒋𝐞𝐥𝐞𝐜 = −𝜎 ⋅ gradΦ 
SEI Growth Model 
 
 SEI volume fraction evolution 
along an axis perpendicular to 
the electrode surface 
 Solvent diffusion and 
convection in the electrolyte 
phase (binary mixture)  
 Electron conduction within the 
solid SEI phase 
 Convection velocity from 
incompressibility 𝑉𝑖
solv𝑐𝑖 = 1  
  
𝜕𝑡𝜀1 = 𝑉1𝑠 1 
𝜕𝑡𝜀2 = 𝑉2𝑠 2 
 
𝜕𝑡(𝜀𝑐𝑖) = −div 𝑗D,i + 𝑗C,i  − 𝑠 𝑖 
 
 
0 = −div 𝑗elec  − 𝐹𝑠 𝑖 
 
div 𝑣 = ∑ 2𝑉𝑖 − 𝜈𝑖𝑉𝑖
solv  𝑠 𝑖 
Results: Inert 
 Formation of porous SEI 
 SEI porosity 𝜀∗ = 1 − 𝜀SEI∗  
nearly constant 
 SEI thickness grows with 𝑡 
 
𝐿 𝑡 ≈
𝑉1𝜀SEI
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 Electronic conductivity from fit 
to experiment [1,2] 
     𝜎Bulk = 0.3 pS/m at T=15°C 
     𝜎Bulk = 4.5 pS/m at T=60°C 
 Analytic expression for 
porosity 𝜀∗ 
𝜎 𝜀∗ = 𝐷 𝜀∗
𝐹2𝑐1
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Results: Active Co-Solvent 
 
 
 
 
 
 
 
 
 
 
 Dual-layer morphology 
 Co-Solvent reduction at   
low voltages near   
electrode 
 Dense inner layer  
 Porous outer layer  
 𝑅 = 𝐿/𝐿dense quickly 
converges to parameter 
dependent 𝑅stat 
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 BEST: 3D transport in porous electrodes [5] 
 Implementing SEI growth model on the graphite surface 
 Prediction of inhomogeneous SEI thickness  
 Understanding intercalation through SEI and lithium loss 
 
 
 
 Solvent reduction: 𝝂𝒊  𝐒𝐨𝐥𝐯𝐞𝐧𝐭𝒊+ 𝟐 𝐞− + 𝟐 𝐋𝐢+⇌ 𝐒𝐄𝐈𝒊 
𝑠 𝑖 = 𝐴 𝜀 Γ
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 Specific surface area 
𝐴 𝜀 =
1
𝑎0
1 − 𝜀 𝜀 +
𝑎0
2
6
𝜕2𝜀
𝜕𝑥2
 
